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WASHING LIQUID FOR SEMICONDUCTOR SUBSTRATE AND METHOD OF 
PRODUCING SEMICONDUCTOR DEVICE 



Field of the Invention 

The present invention r 
semiconductor substrate havin 
of producing a semiconductor 



elates to washing liquid for a 
g a copper wiring and the method 
device . 



Background of the Invention 

Recently, various materials are being developed for 
high integration and high performance of semiconductor 
devices. As the wiring materials in devices, aluminum and 
its alloys are used conventionally. 

An aluminum wiring is formed by patterning with a 
photoresist on an aluminum membrane formed on an insulation 
membrane, etching, and then, peeling the masked photoresist. 
Therefore, on the surface of the aluminum wiring, there is 
significant adhesion of the photoresist not peeled, and there 
are the residue of the photoresist ashed by oxygen plasma and 
the like during etching, and gas components used in patterning 
and plasma treating, on the side surface of the aluminum 
wiring, bottom between the wiring and wiring, top of the 
wiring, and the like. 

For removing these residues, there is disclosed a method 



of using an aqueous solution containing a quaternary ammonium 
hydroxide, and saccharides or sugar alcohol ( JP 04-048633 A) . 

On the other hand, a copper wiring is paid to attention 
as a wiring material in a device, for higher performance and 
higher speed treatment of a semiconductor device. 

A copper wiring is formed by previously forming an 
insulation membrane having grooves, then, burying copper in 
the grooves by a plating method and the like, and 
polish-removing the copper membrane on parts other than the 
grooves by a chemical mechanical polishing method 
(hereinafter sometimes abbreviated as CMP) using a polishing 
agent containing grinding grains of silica, alumina or the 
like having a diameter of 1 /x m or less and an additive for 
preventing corrosion of copper, and a polishing pad made of 
a material such as polyurethane and the like. Consequently, 
on the surface after formation of a copper wiring, there is 
significant adhesion of grinding grains of silica, alumina 
or the like in the polishing agent used for CMP , and fine 
polishing trashes of copper polished from the surface, on the 
surface of the buried copper wiring and on the insulation 
membrane . 

Since it is also necessary that an insulation membrane 
is formed on the surface of the copper wiring, after a copper 
wiring is formed by CMP, and washing with washing liquid is 
conducted, there is a problem that an organic substance due 
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to an additive contained in washing liquid remains and poor 
adherence occurs between the copper wiring and insulation 
membrane . 

Therefore, there has been a desire for development of 
washing liquid capable of removing grinding grains of silica, 
alumina or the like in a polishing agent, and polishing 
trashes of copper, additionally, leaving little organic 
substance due to an additive used for preventing corrosion 
of copper on the surface of a copper wiring after washing, 
while corrosion of copper, which is corroded more easily than 
aluminum, is suppressed. 

Summary of the Invention 

The present inventors have intensively studied to find 
washing liquid capable of solving the above-mentioned 
problems, and resultantly found that washing liquid 
containing sugar alcohols or saccharides and a basic compound 
such as a hydroxide is capable of removing grinding grains 
of silica, alumina or the like in a polishing agent and 
polishing trashes of copper and the like, which is different 
from the residue of a photoresist and ashed photoresist, and 
that the washing liquid leaves little organic substance on 
the surface of a copper wiring after washing. Therefore, it 
is found that such washing liquid is suitable for washing a 
semiconductor substrate having a copper wiring, leading to 
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completion of the invention. 

That is, the present invention provides washing liquid 
for a semiconductor substrate having a copper wiring, 
comprising a basic compound and at least one selected from 
the group consisting of sugar alcohols and saccharides. 
Further the present invention provides a method of producing 
a semiconductor device, comprising a step of forming a copper 
wiring by chemical mechanical polishing and washing with 
washing liquid for a semiconductor substrate comprising a 
basic compound and at least one selected from the group 
consisting of sugar alcohols and saccharides. 

Brief Description of the Drawings 

Fig.l: Schematically showing the process for producing 
a semiconductor substrate having a copper wiring. 



1: 


a 


silicon oxide membrane 


2: 


a 


silicon nitride membrane 


3: 


an inter-layer insulation membrane 


4 : 


a 


cap layer membrane 


5: 


a 


barrier metal membrane 


6: 


a 


copper membrane 


7: 


a 


cap layer 



Detailed Description of the Present Invention 

The washing liquid for semiconductor substrate of the 
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present invention is used for a semiconductor substrate 
having a copper wiring, and contains sugar alcohols and/or 
saccharides, and a basic compound in a solvent. 

Here, the copper wiring includes also wirings of copper 
alloys . 

Examples of the sugar alcohols used in the present 
invention include threitol, erythritol, adonitol, arabitol, 
xylytol, talytol, sorbitol, mannitol, iditol, dulcitol, 
glucose, mannose, galactose and the like, and preferable are 
glucose, mannose, galactose, sorbitol, mannitol and xylytol 
from the standpoint of solubility, and among them, mannitol 
is more preferable. 

The saccharides include monosaccharides, 
polysaccharides and the like, and examples thereof include 
saccharides having 3 to 6 carbon atoms such as glycerin 
aldehyde, treose, erythrose, arabinose, xylose, ribose, 
ribulose, xylrose, glucose, mannose, galactose, tagatose, 
allose, altrose, gulose, idose, talose, sorbose, psicose, 
fructose and the like. 

Examples of the basic compound used in the present 
invention include quaternary ammonium hydroxides such as 
tetramethylammonium hydroxide, choline and the like, 
ammonium hydroxide salt, hydroxides of alkali metals or 
alkaline earth metals such as potassium, sodium and the like, 
and amino group-containing compounds such as aklanolamines 
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such as monoethanolamine, diethanolamine , t riethanolamine , 
2-methylaminoethanol , 2-ethylaminoethanol , 
N-methyldiethanolamine , dimethylaminoethanol , 
2- (2-aminoethoxy ) ethanol, l-amino-2-propanol, 
monopropanolamine, dibutanolamine and the like, and from the 
standpoint of not causing metal pollution on the surface of 
an electronic part, preferable are tet ramethylammonium 
hydroxide and ammonium hydroxide, and more preferable is 
tetramethylammonium hydroxide . 

The concentration of sugar alcohols or saccharides in 
the washing liquid of the present invention is preferably from 
0.001 wt% to 15 wt% from the standpoint of an effect of 
preventing corrosion of copper, and solubility of sugar 
alcohols and saccharides in washing liquid, which depend on 
the kind of sugar alcohols or saccharides used. If the 
solubility of alcohols or saccharide is insufficient, its 
residue may be formed on the surface of copper after washing. 
A residual organic substance on the surface of copper after 
washing a substrate having a copper wiring can be measured 
using an X-ray excitation photoelect ron spectral apparatus. 
Namely, it can be evaluated by a ratio of photoelectron 
strength of copper to photoelectron strength of carbon in an 
organic substance (C/Cu) , both of which are excited by 
irradiation of the surface of copper with X-ray. When C/Cu 
value after washing is higher than C/Cu before washing, it 
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indicates that an organic substance remains on the surface 
of copper by washing. For reducing such a residual organic 
substance and maintaining an ability of preventing corrosion 
of copper, the concentration of sugar alcohols or saccharides 
is more preferably from 0.001 wt% to 5 wt%. 

The concentration of a basic compound in washing liquid 
is preferably from 0.01 wt% to 10 wt%, more preferably 0.05 
wt% to 1 wt%. When less than 0.01 wt%, the effect of removing 
particle may be insufficient in some cases, and when over 10 
wt%, basicity of washing liquid increases and corrosion may 
occur on the surface of a copper wiring, in some cases. 

The solvent in the washing liquid of the present 
invention is not particularly restricted, and include water 
and organic solvent. Of them, water is preferable. 

An organic solvent include (poly ) alcohols and their 
derivatives, amides, ketones, esters and compounds 
containing sulfur . 

(Poly) alcohols and their derivatives include, for 
example, methanol, ethanol, propanol, 2-methoxy-ethanol , 
2-ethoxy-ethanol , 2 -isopropoxy- ethanol , f urf uryl alcohol , 
tetrahydrof urf uryl alcohol , di ethyl enegly col monomethyl 
ether, diethyleneglycol monoethyl ether, diethyleneglycol 
monobutyl ether, diethyleneglycol dimethyl ether, 
diethyleneglycol diethyl ether, diethyleneglycol monomethyl 
ether acetate, diethyleneglycol monoethyl ether acetate. 
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Amides include, for example, N-methyl pyrrolidone, 
dimethyl acetamide, N, N-dimethyl formamide, N-methyl 
formamide and 1 , 3-dimethyl-2-imidazolidone , and preferable 
are N, N-dimethyl formamide and N-methyl pyrrolidone. 

Ketones include, for example, acetone, methyl ethyl 
ketone and methyl isobutyl ketone. 

Esters include, for example, r-butyr olactone and 
ethylene carbonate . 

Compounds containing sulfur include, for example, 
dimethyl sulfoxide and sulforane. 

These organic solvents may be mixed with water in an 
arbitrary ratio. 

The washing liquid of the present invention may contain 
other components not corroding the surface of a copper wiring 
and not preventing a property of removing grinding grains of 
a polishing agent of silica, alumina or the like and copper 
polishing trashes. Other components may include, for 
example, various chelating agents such as carboxylic acids 
and aromatics, anionic, cationic or nonionic surfactants, 
dispersing agents and the like. 

The washing liquid of the present invention is suitable 
for washing a substrate having a surface on which copper or 
alloy mainly composed of copper is exposed, and suitably used 
as washing liquid after polishing with Cu-CMP particularly 
conducted in a process of producing a semiconductor device. 
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More specifically, as shown in Fig. 1 (a), a silicon 
oxide membrane 1 and a silicon nitride membrane 2 are formed 
on a semiconductor substrate (not shown) functional elements 
such as a transistor and the like formed thereon, then, an 
inter-layer insulation membrane 3 is formed for insulation 
between wirings, thereafter, a cap layer membrane 4 or the 
like is formed for protecting the inter-layer insulation 
membrane. The inter-layer insulation membrane includes, for 
example, inorganic membranes such as a silicon oxide membrane 
(Si0 2 membrane), FSG ( F-containing Si0 2 ) membrane as a low 
dielectric constant inter-layer insulation membrane, SiOC 
(carbon-containing Si0 2 ) membrane, SiON (N-containing SiC>2) 
membrane and the like, polyorganosiloxane membranes such as 
a MSQ (methylsilsesquioxane) membrane, HSQ 
( hydrogens ilsesquioxane ) membrane , MHSQ (methylated 
hydrogensilsesquioxane ) membrane and the like, aromatic 
membranes such as a PAE (polyaryl ether) membrane, BCB 
(divinylsiloxane-bis-benzocyclobutene ) membrane and the 
like, a Silk membrane, porous Silk membrane and the like. As 
the cap layer membrane, membranes of Si0 2 , SiC, SiN, SiCN and 
the like are used. 

Thereafter, grooves are formed by utilizing a known 
lithography process, then, as shown in Fig. 1 (b) , a barrier 
metal membrane 5 and a copper membrane 6 are formed, and the 
copper membrane and barrier metal membrane are polished using 
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a known CMP process to form a copper wiring. 

Thereafter, as shown in Fig. 1 (c) , polishing trashes 
adhered on the surface by polishing, and slurry components 
in a polishing agent are removed by using washing liquid. 

The washing liquid of the present invention is used in 
removing polishing trashes and slurry components in a 
polishing agent shown in Fig. 1 (c). 

Thereafter, washing is conducted, then, washing liquid 
components remaining on the surface of a substrate are removed 
by water rinse, then, a cap layer 7 is again formed on a copper 
wiring as shown in Fig. 1 (d) . When washing liquid components 
are not removed easily by water rinse and remain there, 
adherence between the copper wiring and interface of cap layer 
decreases and the performance of the copper wiring is 
deteriorated. Therefore, washing liquid which can be 
removed easily in a short period of time is preferable. 

The washing method in Fig. 1 (c) includes an immersion 
washing method by directly immersing a substrate in washing 
liquid, a method of simultaneously conducting irradiation 
with ultrasonic wave together with the immersion washing 
method, a brush washing method of conducting washing with a 
brush while spraying washing liquid on the surface of a 
substrate, a method of simultaneously conducting irradiation 
with ultrasonic wave together with the brush washing method, 
and the like. In washing, washing liquid may be heated. 
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Preferable is a washing method of removing polishing trashes 
and slurry components in a polishing agent without etching 
of an insulation membrane and copper wiring or corroding a 
copper wiring. 

In addition to the above-mentioned methods, the washing 
liquid of the present invention can be applied also to washing 
of a copper wiring and the like formed on a print wiring 
substrate . 

Examples 

The present invention will be illustrated by examples 
further in detail, however,- the present invention is not 
limited to the examples. 

Examples 1 to 5 and Comparative Example 1 

Washing liquids of compositions shown in Table 1 were 
prepared. In these washing liquids, a silicon wafer on which 
a 4000 A copper (Cu) membrane had been formed by a plating 
method was immersed as a test piece at 40°C for 5 minutes, 
then, rinsed in ultra pure water for 30 seconds. An effect 
of suppressing corrosion of Cu by the washing liquid was 
judged by measuring the thickness of a Cu membrane before and 
after washing treatment and calculating solution speed (etch 
rate) based on the change amount of the membrane thickness. 
The surface before and after washing treatment was observed 
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by an electron microscope, and the condition of the surface 
of a Cu membrane was observed. The results are shown in Table 
1. As shown in Table 1, the washing liquids of the present 
invention were extremely effective for preventing corrosion 
of copper though they are basic aqueous solutions. 

Example 6 

Washing liquid of a composition shown in Table 1 was 
prepared. In this washing liquid, a silicon wafer on which 
a 4000 A copper (Cu) membrane had been formed by a plating 
method was immersed as a test piece at 40°C for 5 minutes, 
then, rinsed in ultra pure water for 30 seconds. The amount 
of residual carbon on the surface of the sample before and 
after washing treatment was measured by an X-ray excitation 
photoelectron spectral apparatus. The residual carbon 
amounts were relatively compared by measuring the ratio of 
photoelectron strength derived from Cu membrane to 
photoelectron strength derived from carbon (C) on the surface. 
The residual carbon amount C/Cu on the surface of copper 
before conducting washing treatment was 1.19. The results 
are shown in Table 2. As shown in Table 2, washing liquid 
composed of tetramethylammonium hydroxide and mannitol shows 
approximately the same level of residual carbon after washing 
as that before washing. 
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Table 1 





Example 


Comparative 
example 


1 


2 


3 


4 


5 


1 


TMAH (wt%) 


2 . 4 


1 . 0 


0.5 


0.2 


0 . 2 


0.2 


Mannitol (wt%) 


3 . 0 


0.16 


0.16 


0.08 






Xylytol (wt%) 










0.08 




Cu etch rate 
(A/minute) 
surface condition 


12 . 8 

A 


6.4 

O 


3 . 0 

O 


0.0 

O 


1 . 2 

O 


17 . 1 

X 



TMAH: tetramethylammonium hydroxide 

X : Cu surface is etched significantly 
A: Cu surface is roughened slightly 
O: Cu surface is not roughened 



Table 2 





Example 6 


TMAH (wt%) 


0.2 


Mannitol (wt%) 


0.08 


Cu etch rate 




( A /minute ) 


0 . 0 


surface condition 


O 


C/Cu 


0. 90 
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Example 7 

A semiconductor substrate for copper wiring having a 
structure shown in Fig. 1 (b) was polished by a CMP polishing 
apparatus and a known polishing agent containing grinding 
grains made of silica, then, immersed in the washing liquid 
shown in Example 6 at 40°C for 2 minutes, to effect washing 
thereof. During washing, irradiation with ultrasonic wave 
having a frequency of 950 kHz was used together. 

Then, the surface of the copper wiring was observed by 
an electron microscope, as a result, silica grinding grains 
and the like significantly adhered before washing were 
removed completely, and etching and corrosion were not 
observed at all on the surface of the copper wiring. 

According to the present invention, it is possible to 
provide washing liquid for semiconductor substrate removing 
polishing agent grains of silica, alumina or the like and 
polishing trashes of copper and the like generated by 
polishing and showing little residual organic substances 
after washing N while suppressing corrosion of copper. 
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